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Previous status (Aug 2003)
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D .
‘] |Improvements since last Belle result

BELLE

additional data:
2000-2002:

2002-2003:
signal fraction determined via 2D fit in AE —-my,.
more efficient continuum suppression algorithm

(also used for BY—110 measurement)

new check: binned maximum likelihood fit to At
(different resolution functions, done blindly)

@ flavor tag, vertexing, resolution function, unbinned
ML fitting procedure, are the same as used for sin2¢,

measurement (hep—ex/0308036)
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Belle at KEKB

o ete - Y(4S) —» BB
3.5 GeV on 8 GeV
/ L dt — 190fb -1 on Feb 4th, 2004
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by June 2003 (results presented here)
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The Belle detector

® SVD: vertexing (lifetime)

® CDC: tracking, dE/dx for pid
» ACC: aerogel Cerenk. Counter
® TOF: pid, trigger

= ECL: e y measurement

s KLM: y, K measurement




D

BELLE

‘&) Analysis Overview

1) B— 11T Selection:

E, — E;

My = |(Bipam)’ — (P3)°

beam

2) Flavor tagging:
manly K+ p* e*

(5.271 < my.< 5.287 GeV/c?)

(JAE| <0.064 GeV )

output:

g=+1, quaityre (0,1

3) Continuum suppression:

4) Vertexing and At fit

A.J. Schwartz

BB

0.86

KLR
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BO — 1ttt (and K*11) final sample
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Maximum likelihood fit to At

Li - /{fﬂ'ﬂ'Pﬂ'ﬂ'(A t,) T 'fKTrPKTF(A t,)] . thh(A tz’ o At,)
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0 e~ |At]/Tg
Pgo_,.. = N { 1+q(1—-2w,) {Aﬂ cos(AmAt) + S__sin(Am At)} }
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e~ 1A/,
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‘&) Resultsof Fit |

/\é 8 — /\é 8 —
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9 o TUTT
I ..qq + K1t 264 events
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25 . \\\ x2=12.5/12
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Fitting for event
yield as function

of At :
(KLR > 0.86)
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Asymmetry Asymmetry
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‘&) Crosschecksl: other CP asymmetries

BELLE

- () qq (sideband)
- b) ~ Non-CP sample

Sideband:

23170 BO tags

22736 BO tags
Asymm = 0.95 +£0.47%

9346 B — D1t*:
A, =-0.02 +0.03
S.= 011+004
10211 B — DUt
A= 001 +0.03
S = 0.05+0.04

2358 B — K*T1T*:
Ay.=—0.02 =0.03
0.11 =0.04
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At (ps)

Am = (0.529 +0.044
kK -0.072

(PDG: Am = 0.502:+0.007)

2358 B —» K*T1T+:
0346 B — D 1T":

Tz = 1.569 +0.021 ps

Tz = 1.589 +£0.021 ps

Tz = 1.52 £0.06 ps

Crosschecks|l: 15 and Am

140
120 —
100 —
80 —
60 —

40 F

0k

20 F

Tz =1.46 =0.09 ps
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'] Crosscheckslll: various subsamples

BELLE

Subsample Niot(m /KT /qq) Anr Srn

default 1529(365.5/135.4/1028.1) | +0.58915 | —1.007932
KLR > 0.86 483(231.5/83.3/168.3) +0.76918 | —0.99+02¢
KLR < 0.86 1046(134/52.1/859.8) +0.107932 | —1.317948 | B

exp.7-exp.19 866(211.1/76.7/578.2) +0.54 7028 | —1.241023
exp.21-exp.27 | 663(154.4/58.7/449.9) +0.771027 | —0.467038 12

AE <0 872(194.8/131.1/546.2) +0.68702 | —0.88)52 1L | 15 |
AE >0 657(170.7/4.4/481.9) | +0.42%021 | 1 19+03 : 822 | _ % N
|IAE| < loap | 623(171.1/60.0/391.8) +0.877922 | —1.1075:3% 08 ¢ ; fsf’/ 2
|AE| > loap | 1131(292.7/99.4/738.9) +0 68701 | —1.027033 06 [ | lisg*
|At| < 15(ps) | 1520(364.4/134.8/1020.8) | +0.58%12 | —1.00753] - T
At < 10(ps) | 1516(363.4/134.3/1018.3) | +0.577012 | —1. 01+({jf 04 1 16/
|At| < 8(ps) | 1512(360.9/133.7/1017.4) | +0.597012 | —0.997757 02 350
|At| < 5(ps) | 1470(351.4/127.9/990.7) | +0.58 010 | —1.05793] o b
multi tracks 1151(276.4/99.1/775.5) +0.447018 | —1.2275:37 C
single track 378(89.1/36.3/252.6) +1.00193 | —0.611055 0.2 -
lqr| > 0.75 185(81.6/33.7/69.7) +0.77T01% | —0.87T027 e
04
ar| > 0875 | 04(512/2209/199) | 40825 | —0.86% 2175 16 125 1 075 05 025 0 025_05
lqr| < 0.875 | 1435(314.3/112.5/1008.2) | +0.2779% | —1.12034 St
lqr] < 0.75 1344(283.8/101.7/958.4) | +0.117035 | —1.30703
£ <50 1486(353.5/132.8/999.7) | +0.57 10 | —1.0003;
£<10 1125(274.3/97.3/753.5) | +0.627015 | —0.887735
£<3 597(146.2/52.5/398.3) +0.89703% | —1.057038
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BELLE

® binned maximum likelihood fit
® KLR > 0.86 (less gqq background)

® 3 different resolution functions
(lar| € 0, 0.50, 0.75, 1)

® no " outlier" events (|At|< 10 ps)

® analysisdonein blind manner

A.J. Schwartz

‘'] Crosschecks!|V: independ. analysis (binned fit)
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| ndepend. analysis (binned fit) cont’d

Fit A, S x?/d.o.f.
Binned (KLR > 0.86) +0.65412199 | —0.94319:278 0.60
Binned (KLR > 0.86, |At| < 10 ps) | +0.738 93557 | —0.9137 3552 0.68
Unbinned (KLR > 0.86) +0.76791% —0.9979:29 —
. ) 1400 - ¥/ndf 4272 1 49
Toy MC study: 20000 expt’s rofe L
1000 Sigma . 0.1221 + 0:6323E-03
800 -
- 600 |-
o (AA) =0.12 ook
200;
0 -6.5 6 ‘ois“”‘l”“liswwz
AT(unbinned) - A (binned)
zﬁ* X g/r;tdft e :30775731 7.112
700 & Mean -0.5185E-61 + 0.1410I.E-02
600 Sigma 0.1965 + 0.1018E-02
o (AS,) =0.20 wE
300 |
200 |
100;
TS o s 1 is 2

A.J. Schwartz

S, (unbinned) - S_ (binned)
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'] CrosschecksV: Toy Monte Carlo (107 exps.)

BELLE

Mo of gvantas in the alipse | SEO00o0 (10000 %)
Mo, of avantas ocutof the alipse 10 000 %)
I Mo of avantas in the boundary | BEE0A2T (100.00 %)

2. Mo of gwantas outof the boundary . 173 [ 0D %
1.5
!
0.5
0
a5
-7
| Phys ical bou ndary
Elipse borders on the expanemnial value
2.5 -2 1.5 -1 4.5 f 0.5 1 .5
A VS 5  (input A_=+0.0000, 5_=+00000) S'Jl:'ﬂ:

A.J. Schwartz

56% out of

physical region
27% out of ellipse

Mo of gvantas in tha alipse cFaAvee! | 7332 %)
Mo, of avantas outof the alipse | 2668330 [ 26 .68 %)
I Mo of aventas in the boundary 4363074 | 42 62 %)

2. Mo of gvantas out of the boundary | 5837536 | 55 38 %)
1.5

!
0.5

0
a5

-7

| Phys ical boundary
Elipse borders on the expanemntal value
2.5 -2 1.5 -1 4.5 0 0.5 1 .5
A_VE 5 tinputA =+05491 5 =-0.6357) STE
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] Systematic Uncertainties

BELLE

A.J. Schwartz

Uncertainty A - Srn
Wrong tag fraction +0.009 | 4+0.009
T, Am, Ay +0.024 | £0.007
Resolution function +0.010 | £0.020
Background shape +0.014 | £0.021
Background fractions | +0.028 | 4+0.025
Fit bias +0.018 | +£0.023
Vertexing +0.039 | £0.045
Tag side interference | +0.027 | £0.011
Total 1+ 0.066 | = 0.066
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] Statistical Significance

BELLE

Use Toy MC, constructing confidence belts with Feldman—Cousins ordering:

E 15 S o e :
< I 5 f f |
1- CL 317><10 A S _=(0,0)
 1-CL=455x107 e S
1| _— ~CL= 2.70%x1073 corresponds to 5.20
i j -5 ? . .
| | SRt VNS I statist. fluctuation =
oql A) ) I R N | observation of
L)) CP violation
Of X X
eto? A= 0 corresponds
Q.5 N R f9x10 " to >3.20 statistical
: . _8.4;0x10 3 fluctl_Jatlon (any _Sm)
a T T o = evidence for direct
. 1-CL at (-1,0) = 1.23x10°° CP violation
a0 S W N N
-1.5 -1 0.5 0 0.5 1 15
STlT[
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Q(B Constraints upon @, (o) and |P/T|

BELLE

Gronau and Rosner AB —sntn™) = — <|T|ei5Tei¢3 4+ |p|ei5p>
(PRD 65, 093012, 2002): AB® —ntn) = — (|Tjere i 1 |Pleir)
qA 14 |P/T|ei®+¢s)
A = Im|>=TT| = % .
T e S (pAm) T 1+ [P/T| %)
(6 = 8,—07)
P AP —1 —2|P/T|sin(¢,+¢,) sind
Take ¢,=0.736 =0.049 A2+ 1 1 —2|P/T|cos(¢p,+¢,) cosé + |P/T|?
= 2 constraints & 2ImA
S . =
3 unknowns A2+ 1
((PZ, o, |P/T) ~ 2|P/T|sin(¢p, —¢,) cos d + sin2¢, — |P/T|*sin 2¢,

1 —2|P/T|cos(¢p,+¢,) coséd + |P/T|?
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BELLE

0.8

2.0c Confidence Volume ( ¢, .vs. 8 v.s. |P|/(|T|+|P|))

A.J. Schwartz

{PUTIHPD

&a»] Constraintsupon ¢, (a) and |P/T| cont'd

For |P/T|=0.45

For any o
(wor st case?)

09 1

|P/T$
50 10.0 100.0
— T

¢, [deg]

60
R e S i i S B cicer s s [NNNNNNGS (U S I
9 JUUE PO U N DU PO i A
-150 -100 -50 0 50 100 150 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Confidence region (|P/T|=+0.450,s5in2¢,=0.736) O ldeg]

PI/TI+[PD

0 IPY(ITIH+P)
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a»] Summary

BELLE

With 140 fb~1 Belle has:

m Measured a CP asymmetry in B— 11T decays:
A= +0.58 =0.15 (stat.) =0.07 (syst.)
S,=-1.00 =0.21 (stat.) =0.07 (syst.)

This is consistent with our 78 fb~1 measurement.

B This constitutes an observation of CP violation at the 5.20 level

B This constitutes evidence for direct CP violation at the 3.20 level

W This result gives the model-independent constraints:
90 < @, < 146 (95% C.L.) for |P/T| < 0.45

IP/T|>0.17 (95% C.L.) for all o
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